The casting of flexible polyurethane foam into a wide range of customised shapes has been found to offer a relatively straightforward solution to a number of problems associated with providing support for the physically handicapped. This note describes the techniques used for the production of such supports and reports on clinical experience of their use.
Introduction
Certain polyurethane foams are of great importance in a wide variety of industrial applications particularly in the automotive and furniture industries. They are used in both the flexible and rigid forms giving a range of hardness from that of a soft sponge material to a rigid load bearing structural foam. All are formed during an exothermic chemical reaction All correspondence to be addressed to Mr. A. G. Taylor, Senior Biomechanical Engineer, Department of Medical Physics and Bioengineering, Bryn-y-Neuadd Hospital, Llanfairechan, Gwynedd, Wales. between a polyether or polyester resin and an isocyanate. Like other reactive chemicals, some isocyanates can be hazardous if handled incorrectly, but in recent years their greatly increased use in the various industries making polyurethane products has been accompanied by corresponding advances in safe handling techniques.
By careful application of these safe techniques, flexible polyurethane foam can be cast into a wide range of customised shapes which offers a relatively straightforward solution to a number of problems associated with providing support for the physically handicapped. This note describes the techniques used for the production of such supports and reports on the clinical experience of their use.
Development of the moulded cushion
The custom built moulded seat is ideally suited for many patients allowing them an improved comfortable sitting position in their wheelchairs (Nelham, 1975) . However our experience has shown that some of the patients suffering from neuromuscular disorders find that the polyethylene or ethylene vinyl acetate foam lining of these seats is too hard to allow them to sit in comfort for more than an hour or so.
The softer grades of polyurethane foam seem to offer an ideal solution to this problem although they do absorb water.
Early tests were made using the "foam in place" technique in which the patient sits on a plastic bag filled with the two part polyurethane mixture. The chemical reaction takes place in the bag and the foam rises around the body shape. During the exothermic reaction of the chemicals, the heat generated was not found to be a problem and only became pleasantly warm.
Flexible foam in orrhorics
There were, however, several problems associated with this method. The two most important were that the foam did not distribute itself under the sitting area, and remained too thin to serve as a satisfactory cushion. Also although the isocyanate used for our experiments and supplied by Imperial Chemical Industries Ltd was of the latest MDI (diisocyanate diphenylmethane) base which could be handled without hazard in a well ventilated area, it was considered too hazardous to use near a patient who would normally have a low respiratory reserve.
Other problems were that once the foam had formed or "blown", its cells remained quite delicate for several minutes. If the patient moved during this period, the cellular structure of the cushion could easily be destroyed rather like that of a sponge cake in an oven.
Production method
These problems were overcome by using a vacuum consolidation technique with polystyrene beads to take a cast for individual cushions. With the patient sitting on the bead bag, which is enclosed in a three sided box, it is evacuated once the patient is in a comfortable and stable sitting position. It was found with the muscular atrophy patient that the beads can be formed into a stable base which will allow an ideal sitting position without use of the arms for support.
Plaster bandage is laid over the bead bag in the usual manner and over the two top edges of the wooden box. This is done in order to provide a horizontal reference plane for the complex shape and can be used in exact positioning when forming the cushion. The positive plaster cast is removed, smoothed and reinforced. In order to provide a soft washable top cover to the cushion a thin layer of polyethylene foam is vacuum formed over the cast and both are placed in a wooden box using the reference edges of the cast for positioning in the horizontal plane. The box will form the outer extremities of the cushion.
A plywood lid is attached to the box with two holes through which the foam mixture will be poured. This lid is not coated with the release agent and forms a hard base to the cushion for any wheelchair attachments.
The correct amount of polyurethane foam mixture for the seat volume is poured into the box and any excess allowed to overflow out of the holes in the lid. When the foam is set the cushion is removed from the box complete with plywood base and polyethylene foam top surface (Fig. 1, top) . The edges can be trimmed with vinyl and wheelchair attachments made if required.
The seat cushion in a wheelchair is shown in Figure 1 , bottom. A similar method has been used to form wheelchair back cushions for children with spina bifida.
This foaming technique was also used in the manufacture of a turning bed to nurse a teenage boy with spina bifida following a spinal fusion operation. This patient (Fig. 2) has flexed hips and the normal "Stryker" turning bed could not be used. He was nursed either prone or supine in this bed for four months without pressure problems. The two parts were assembled by the nurses for turning and the top half removed when correctly positioned. The patient had a urinary diversion and a suitable plastic tube was cast into the foam through which the drainage tube could pass. The thin polyethylene foam covering could easily be cleaned.
Conclusions
The techniques described provide a method of manufacturing cushions with a range of hardnesses, as the consistency of the foam depends on the quantities of the polyol and isocyanate in the original mix; more isocyanate gives a harder cushion, less a softer one.
The polyethylene foam surface in contact with the patient forms the exact shape and can easily be cleaned as it does not absorb water.
Finally, the method allows any complex shape of a patient to be reproduced accurately with reference to a horizontal or vertical plane, which when applied to a seat cushion provides the "egg cup" for the deformed patient allowing him to sit, in a balance position, without having to use his arms of support.
